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Abstract 


A method and device for stabilizing and storing bicarbonate solutions is provided. In an embodiment a device is 
provided having a container and carbon-dioxide generating substances that include a solid material which upon 
contact with water generates carbon-dioxide gas. The device may be packaged together with the bicarbonate or in a 
separate overpouch. The present invention also provides a method for the stabilization of bicarbonate solutions 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates generally to perito- s 
neal dialysis. More specifically, the present invention 
relates to manufacturing and storing bicarbonate perito- 
neal dialysis solutions. 

The use of dialysis to support a patient whose renal 
function has decreased to the point where the kidneys w 
no longer sufficiently function is known. Two principal 
dialysis methods are utilized: hemodialysis; and perito- 
neal dialysis. 

In hemodialysis, the patient's blood is passed 
through an artificial kidney dialysis machine. A mem- 15 
brane in the machine acts as an artificial kidney for 
cleansing the blood. Because it is an extracorporeal 
treatment that requires special machinery, certain inher- 
ent disadvantages are present with hemodialysis. 

To overcome the disadvantages associated with 20 
hemodialysis, peritoneal dialysis was developed. Perito- 
neal dialysis utilizes the patient's own peritoneum as a 
semipermeable membrane. The peritoneum is the 
membranous lining of the body cavity that due to the 
large number of blood vessels and capillaries is capable 2s 
of acting as a natural semipermeable membrane. 

In peritoneal dialysis, a dialysis solution is intro- 
duced into the peritoneal cavity utilizing a catheter. After 
a sufficient period of time, an exchange of solutes 
between the dialysate and the blood is achieved. Fluid 30 
removal is achieved by providing a suitable osmotic gra- 
dient from the blood to the dialysate to permit water out- 
flow from the blood. This allows a proper acid-base, 
electrolyte and fluid balance to be returned to the blood. 
The dialysis solution is simply drained from the body 35 
cavity through the catheter. 

Besides the removal of metabolism products, one 
of the most important problems of every kidney replace- 
ment therapy, such as hemodialysis and peritoneal dial- 
ysis, lies in the correction of metabolic acidosis. For this ao 
reason, the dialysis solutions used in each of these 
processes contain a buffer. 

Three common buffers often used in dialysis solu- 
tions are bicarbonate, lactate, and acetate. While ini- 
tially bicarbonate was the primary buffer used in dialysis as 
solutions, over time lactate and acetate were substi- 
tuted for bicarbonate. This was due to the difficulty in 
preparation and storage of bicarbonate-buffered dialy- 
sis solutions. Lactate and acetate buffers were found to 
provide greater stability in use over the previous bicar- so 
bonate-buffered solutions. See European Patent Appli- 
cation 90109963.0 (EP-A-0399549). 

However, since bicarbonate ions provide advan- 
tages over acetate or lactate ions, bicarbonate is again 
surfacing as the primary buffer used in dialysis solu- ss 
tions. Tests conducted in recent years indicate patients 
exhibit a better tolerance for bicarbonate dialysis solu- 
tions. Further, certain treatments require sterile dialysis 



solutions containing bicarbonate, calcium and magne- 
sium. 

For example, one may have to dialyze a uremic 
patient who has developed hypotension and lactate aci- 
dosis. In such a patient, the lactate or acetate in conven- 
tional dialysates may not be metabolized to bicarbonate 
because of tissue hypoxia, and acidosis may be further 
worsened because bicarbonate is removed during dial- 
ysis. Using bicarbonate-containing dialysates in such a 
patient will add bicarbonate to the blood and also 
remove lactate. For these reasons, some researchers 
have recommended bicarbonate-buffered dialysis as 
adjunctive treatment for severe lactic acidosis. T.S. Ing. 
et al, Bicarbonate - Buffered Peritoneal Dialysis. The 
International Journal of Artificial Organs, Volume 8, No. 
3, P.121 (1985). 

Another potential application is with respect to 
patients who experience abdominal pain or discomfort 
when conventional acid- or lactic-buffered dialysates 
are infused. The abdominal pain may be related to the 
unphysiologically high acidity of acetate- and lactic-buff- 
ered dialysates. Conceivably, bicarbonate-buffered dia- 
lysate. with its more physiologic pH, might decrease the 
incidence of such symptoms. & 

The use of medical bicarbonate solutions for injec- 
tion or for dialysis treatment is known. However, due to 
the difficulty in preparation and storage of these solu- 
tions, a vast array of literature is dedicated to attempts 
to remedy the stability problem of bicarbonate solutions. 
Three main problems need to be addressed when man- 
ufacturing medical bicarbonate solutions. 

First, in solution bicarbonate is in equilibrium with 
C0 2 gas. which easily escapes from the solution. As a 
result, carbonate, a potential irritant, may form and the 
pH of the solution is thereby increased. To avoid these 
phenomena from occurring, the bicarbonate can be 
stored in a powder form until just before use as 
described in U.S. Patent 4,489,535 and Jonsson et al, 
European Patent Application 0278100 for machine<on- 
trolled dialysis. 

Alternatively, an impermeable barrier can be used 
to protect the solution. Or, for hemodialysis, the C0 2 
content of the solution can be controlled as described in 
Murphy et al, Use of An Artificial Kidnev. J Lab. Clin. 
Med., Volume 40, pp. 436-444 (1952). U.S. Patent 
4,584,176 and European Patent 0.209,607 describe 
controlling the C0 2 content of the solution. Moreover, 
the addition of buffers such as histidine or glycylglycine 
may further stabilize the bicarbonate solution. See, U.S. 
Patent Nos. 5,092,838 and 4,959.175. 
Second, bicarbonate so l utions for in jec ti on and for 



dialysis generally contain calcium and/or magnesium 
ions. In the presence of bicarbonate, these ions form 
calcium carbonate and magnesium carbonate respec- 
tively, which easily precipitate from the solution, espe- 
cially at a pH above 7.5. To remedy this problem, 
bicarbonate solutions are often made from concen- 
trates, ranging from slightly concentrated, two-fold or 
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less, to much more concentrated solutions. Bicarbonate 
on the one hand and calcium and/or magnesium on the 
other hand are included in separate concentrates. 
These concentrates are then mixed to obtain a ready to 
use solution. Alternatively, the concentrates are mixed 5 
and diluted. 

In order to avoid the precipitation of carbonate salts, 
the bicarbonate concentrate is acidified when manufac- 
tured. Alternatively, the bicarbonate concentrate is 
mixed with an acid or acidified concentrate, either 10 
before or after dilution if dilution is needed. Acidification 
can be achieved with an organic (acetic acid, lactic 
acid), inorganic acids (hydrochloric acid) or with carbon 
dioxide, ing et ai.. Bicarbonate -Buffered Peritoneal 
Dialysis. Volume 8, No. 3, p. 121 (1985). A series of is 
machines have been proposed to assure appropriate 
mixing, see U.S. Patent 4,489,535. 

While the preparation of concentrates in separated 
containers initially prevents carbonate precipitation, 
immediate mixing of the concentrates results in carbon- 20 
ate precipitation. This subsequent precipitation leads to 
disturbances of the dialysis operation. To remedy this 
problem, technicians have been forced to rinse all tube 
lines at regular intervals with acid. Naturally, this tech- 
nique results in added expense in terms of technician 25 
time and the additional cost of the acid needed. 

Likewise, the dilution of the concentrated solutions 
to prevent carbonate precipitations has inherent disad- 
vantages. The dilution of the solutions does not com- 
pletely obviate the precipitation problem and represents 30 
an additional step. Further diluted concentrates may not 
adequately correct the acidosis of patients. 

Third, bicarbonate solutions for injection and for 
certain types of dialysis need to be sterile. Either sterile 
filtration or steam sterilization may be used. When 35 
steam sterilization is used, many substances cannot be 
autoclaved together with bicarbonate. Therefore, the 
solution must be sterilized in at least two parts: one part 
containing the bicarbonate; and another part containing 
the incompatible substance(s), such as dextrose. In 40 
practice, two containers can be used, or alternatively, 
multi-compartment containers can be used. See U.S. 
Patents 4,396,383 and 4,465,488. 

Current procedures and preparations do not pro- 
vide an adequate means to stabilize bicarbonate solu- 45 
tions that allow also for sterilization of such solutions. 
There therefore remains a need for an improved method 
for manufacturing and storing bicarbonate solutions. 
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that is filled with a bicarbonate solution. In this embodi- 
ment, the bicarbonate container would be sufficiently 
gas permeable to allow C0 2 generated by the device to 
enter the container. Alternatively, the device can be 
directly located in the bicarbonate container filled with 
bicarbonate solution. Preferably, the devic has an inte- 
rior compartment that houses a material that upon con- 
tact with water generates carbon dioxide gas. 

Preferably, the C0 2 is generated during a reaction 
wherein a stronger acid displaces a weaker acid. In an 
embodiment, the solid material consists of a bicarbo- 
nate and an acid either in powder or granular form. 
Alternatively, the solid material consists of a carbonate 
and an acid both in powder or granular form. 

The present invention also provides methods for 
stabilizing bicarbonate solutions. Pursuant to the 
method, a C0 2 pressure of at least 80 mm Hg (deter- 
mined at 37°C) is maintained in the bicarbonate solu- 
tion. 

For example, in an embodiment of the method, first, 
a bicarbonate solution is placed in a container that is 
constructed from a material that allows carbon dioxide 
to pass therethrough. The bicarbonate container is then 
packaged in a second container or overpouch. The 
bicarbonate solution is stabilized by means that gener- 
ates carbon dioxide at a pressure of greater than or 
equal to 80 mm Hg (determined at 37°C) in the over- 
pouch. 

In another embodiment, a bicarbonate solution is 
placed in a container having an exterior that is imperme- 
able to water and carbon dioxide. Then, a pressure of at 
least 80 mm Hg is maintained in the container. For 
example, the pressure can be achieved by a device that 
generates carbon dioxide that is located in the bicarbo- 
nate container. 

It is an advantage of the present invention to pro- 
vide a method for stabilizing bicarbonate solutions to be 
used in medical procedures. 

Another advantage of the present invention is that it 
provides a cost effective device for stabilizing bicarbo- 
nate solutions that can be used before, during, or after 
steam sterilization in peritoneal dialysis systems. 

A further advantage of the present invention is that 
it provides a system and/or method that can be used to 
stabilize both solutions for use either in continuous 
ambulatory peritoneal dialysis (CAPD) or automated 
peritoneal dialysis (APD). 

Additional features and advantages of the present 
invention are described in, and will be apparent from, 
the detailed description of the presently preferred 
m 1 toodh 1 pi l ib as we l l aslhgxfrawfi i y> 



The features of the invention are set out in the con- 
tainer /device combination of Claim 1 , the device of 
Claim 10 and the method of Claim 1 1 . 

In an embodiment of the present invention, a device ss 
that generates carbon dioxide gas is used to stabilize 
the bicarbonate solutions. The device can be packaged 
in an overpouch that surrounds a bicarbonate container 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a front elevational view of an 
embodiment of a device for generating carbon dioxide 
of the present invention. 

FIG. 2 illustrates a cross-sectional view of a system 
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pursuant to the present invention including a bicarbo- 
nat container, a device for the generation of carbon 
dioxide, and an overpouch container. 

FIG. 3 illustrates a cross-sectional view of a further 
embodiment of a system of the present invention includ- 
ing a device for the generation of carbon dioxide pack- 
aged together with a plurality of bicarbonate solution 
containers, all of which are located in an overpouch. 

FIG. 4 illustrates a cross-sectional view of a further 
embodiment of a system of the present invention includ- 
ing a device for the generation of carbon dioxide pack- 
aged together in an overpouch with a multi-chamber 
container containing a complete dialysis solution. 

FIG. 5 illustrates a cross-sectional view of a still fur- 
ther system of the present invention including a device 
for the generation of carbon dioxide located within a 
bicarbonate solution container. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

The present invention provides an improved 
method for storing and stabilizing a bicarbonate solu- 
tion. Pursuant to the present invention, carbon dioxide is 
used to stabilize the bicarbonate solution. 

In an embodiment, the present invention provides a 
device that produces carbon dioxide for stabilizing 
bicarbonate solutions. The device can be located within 
a container that contains the bicarbonate solution. Alter- 
natively, the device can be located within an overpouch 
that surrounds the container filled with a bicarbonate 
solution. As discussed in detail below, pursuant to the 
present invention, other means can be used, aside from 
the device, to generate the necessary carbon dioxide. 

What is important is that pursuant to the present 
invention, carbon dioxide is used to stabilize the solu- 
tion. Indeed, in contrast to the belief in the prior art, the 
inventors have found that carbon dioxide pressures of 
80 mm Hg (determined at 37°C) and greater can be 
used to stabilize the bicarbonate solution. Heretofore, it 
was believed that these pressures would create a 
CAPD or APD solution that was hazardous to the health 
of the patient when infused. In contrast the inventors 
have found that such pressures are not hazardous, but 
rather, provide a means for stabilizing bicarbonate. 

Referring now to the Figures. Fig. 1 illustrates a 
front elevational view of an apparatus for producing car- 
bon dioxide made in accordance with the present inven- 
tion. The device 10 includes an exterior body 11. The 
exterior body 1 1 can be made of any rigid or flexible 
material that is permeable to water and carbon oioxjoe. 



to the invention. 

The exterior body 1 1 defines an interior compart- 
ment 12. The interior compartment 12 preferably 
houses a solid material 13. The solid material 13 is cho- 

5 sen so that upon contact with water or water vapor it 
generates carbon-dioxide gas. The generation occurs 
during a chemical reaction in which C0 2 is generated as 
a stronger acid displaces a weaker acid. 

To this end, the solid material 13 may consist of a 

10 blend of bicarbonate in powder or granular form and an 
acid in powder or granular form. In an embodiment, the 
bicarbonate is sodium bicarbonate. Alternatively, 
instead of a bicarbonate, the solid material 13 may con- 
sist of a carbonate in powder or granular form with an 

15 acid in powder or granular form. In an embodiment, the 
carbonate is sodium carbonate. 

A wide range of acids can be used in combination 
with the bicarbonate or carbonate to produce carbon 
dioxide. In an embodiment, the acid is a carboxylic acid. 

20 In a preferred embodiment, the acid is a carboxylic acid 
chosen from the group consisting of lactobionic acid, 
succinic acid, or citric acid. Upon contact with water, this 
blend will generate C0 2 gas. 

In the illustrated embodiment, the device 10 

25 includes a cover 1 4. The cover 1 4 allows for the easy fill- 
ing of the device 10. Preferably, the cover 14 is made of 
the same material as the exterior body 1 1 . In an embod- 
iment, the cover 14 is made of high density polyethyl- 
ene. 

30 In use, the amount of solid material 13 within the 
device 10 determines the amount of carbon dioxide that 
is generated by the device 10. Further, the amount of 
solid material 13 that is needed is also dependent on 
the amount of carbon dioxide that will escape through 

35 the container housing the device 1 0. 

As stated above, the solid material 13 generates 
carbon dioxide upon contact with water. Since the 
device 10 is permeable to water, water vapor or steam 
will enter the device, especially during steam steriliza- 

40 tion of the solution containers and start the carbon diox- 
ide generation. Moreover, rf necessary, water can be 
added to the device 1 0 to facilitate the generation of car- 
bon dioxide. 

By way of example, and not limitation, in an embod- 
45 iment, 10 grams of sodium bicarbonate is placed within 
the device 10. The 10 grams of sodium bicarbonate is 
enough to generate 2 liters of carbon dioxide and will 
therefore, in the systems set forth in Figures 2-5, stabi- 
lize a bicarbonate solution for several months to years. 
so Once all the carbon dioxide has been generated, the 
camon cHoxkJu w il l stfti stabffize the b i car te oncrto oo l u 



In an embodiment, the exterior body 11 is made of high 
density polyethylene. Alternatively, the exterior body 11 
can be made of a material impermeable to water and 
C0 2 and instead has small pores. The small pores allow 
for the transport of water vapors and C0 2 . While the 
illustrated embodiment of device 10 is rectangular in 
shape, the precise shape of the device 10 is not critical 



tion, provided it is not lost through the container housing 
the solution. Naturally, the rate of carbon dioxide gener- 
ation can be varied and depends on the organic acid 
55 used, the ratio of bicarbonate to organic acid, the 
humidity within the container and the temperature and 
size of the particles, if granules are used. These ar all 
matters that can be considered in constructing the 
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device. 

Fig. 2 illustrates a cross-sectional view of an 
embodiment of the device 20 made in accordance with 
the present invention packaged together in an over* 
pouch 22 with a container 24 that includes a bicarbo- s 
nate solution 26. The bicarbonate container 24 can be 
made of any material that is highly permeable to carbon 
dioxide. For example, the bicarbonate container 24 can 
be made of a polyolef in (for example, high density poly- 
ethylene) or polyvinylchlorida 10 

The overpouch or second container 22 surrounds 
both the device 20 and the bicarbonate container 24. 
The overpouch 22 is made of any material with low per- 
meability to gas and specifically, carbon dioxide. The 
low permeability of the overpouch 22 prevents C0 2 from is 
escaping and thereby maintains a C0 2 pressure within 
an interior of the overpouch 22 and therefore, within the 
bicarbonate container 24. In an embodiment, the over- 
pouch 22 comprises a laminate that includes a layer of 
aluminum foil. However, any low permeable material 20 
can be used. 

In use. C0 2 9&s is generated by the device 20 as 
water, typically from steam sterilization enters the 
device. This creates a certain C0 2 pressure in the inte- 
rior 29 of the overpouch 22. The C0 2 pressure within 2s 
the interior 29 of the overpouch 22, due to the permea- 
bility of the bicarbonate container 24, is thereby estab- 
lished also in the bicarbonate container. This C0 2 
pressure stabilizes the bicarbonate solution 26. 

Fig. 3 illustrates another embodiment of a system 30 
for stabilizing bicarbonate solutions. In the illustrates 
system, a device 30 made in accordance with the 
present invention is packed together with bicarbonate 
containers 32a. b, and c filled with bicarbonate solutions 
34. However, in contrast to the system in Figure 2, in 35 
Fig. 3, a plurality of bicarbonate containers 32a. b. and 
c are used. The device 30 and the plurality of bicarbo- 
nate containers 32a, b, and c are again enclosed by an 
overpouch 36. 

Again, the device 30 generates C0 2 after steam 40 
sterilization or some other means for adding water to 
the interior of the device to create a C0 2 pressure within 
the interior 39 of the overpouch 36. This creates a 
defined C0 2 pressure in the containers 32a, b, and c. 

For example, in an embodiment, the solution con- 45 
tained in container 24 or 32a 32b or 32c is sterilized by 
filtration and has the following composition: 15.0 to 
about 45.0 (mmol/L) bicarbonate; 90.0 to about 110.0 
(mmot/L) chloride; 90.0 to 142.0 (mmol/L) sodium; 0.0 
to about 2.0 (mmol/L) calcium; 0.0 to about 1 .0 (mmol/L) so 
magnesium; 0.0 to about 3.0 (mmol/L) potassium: 0.0 to 
about 4.0% amino acids; 0.0 to about 4.0% peptides; 
0.0 to about 4.0% glycerol; 0.0 to about 5.0% dextrose; 
and 0.0 to about 10.0% dextrose polymers. 

As a second example, in an embodiment, the solu- ss 
tion of bicarbonate (30-90 mmol/L), sodium (180-284 
mmol/L). potassium (0-6 mmol/L). and chloride (counter 
ion) contained in container 24 or 32a 32b or 32c is 



mixed aseptically with a solution containing dextrose (0- 
10%), dextrose polymers (0-20%). amino acids (0-8%), 
peptides (0-8%), calcium (0-4 mmol/L), magnesium (0- 
2 mmol/L), chloride (counter ion) in a 1 to 1 proportion. 

The subsequent peritoneal dialysis solution is par- 
ticularly suited for automated peritoneal dialysis and 
has the following composition: 15.0 to about 45.0 
(mmol/L) bicarbonate; 90.0 to about 110.0 (mmol/L) 
chloride; 90.0 to 142.0 (mmol/L) sodium; 0.0 to about 
2.0 (mmol/L) calcium; 0.0 to about 1.0 (mmol/L) magne- 
sium; 0.0 to about 3.0 (mmol/L) potassium; 0.0 to about 
4.0% amino acids; 0.0 to about 4.0% peptides; 0.0 to 
about 4.0% glycerol; 0.0 to about 5.0% dextrose; and 
0.0 to about 10.0% dextrose polymers. 

Fig. 4 illustrates a cross-sectional view of another 
system made in accordance with the present invention. 
A device 40 is packaged together with a multi-chamber 
container 42. The multi-chamber container 42 has an 
upper chamber 44 and a lower chamber 46. 

In an embodiment, the multi-chamber container 42 
has a frangible seal 48 between the upper chamber 44 
and the lower chamber 46. Opening the frangible seal 
48 provides fluid communication between the upper 
chamber 44 and the lower chamber 46. The multi- 
chamber houses at least two non-compatible solutions 
that after mixture will result in a ready-to-use dialysis 
solution. 

Although all the systems disclosed herein are 
designed to be used for any medical procedure requir- 
ing bicarbonate, and especially peritoneal dialysis, the 
embodiment illustrated in Fig. 4 is conveniently used for 
CAPD. To this end, in an embodiment, the upper cham- 
ber 44 contains calcium chloride and magnesium chlo- 
ride, whereas the lower container 46 contains 
bicarbonate. In a preferred embodiment, the upper 
chamber 44 can further include sodium chloride, potas- 
sium chloride, dextrose and dextrose polymers. Like- 
wise, the lower chamber 46 can further include sodium 
chloride, potassium chloride, amino acids, peptides and 
glycerol. 

For example, in an embodiment, when the solution 
contained in the upper chamber 44 is mixed with the 
solution contained in the lower chamber 46, the subse- 
quent peritoneal dialysis solution has the following com- 
position: 15.0 to about 45.0 (mmol/L) bicarbonate; 90.0 
to about 110.0 (mmol/L) chloride; 90.0 to 142.0 
(mmol/L) sodium; 0.0 to about 2.0 (mmol/L) calcium; 0.0 
to about 1.0 (mmol/L) magnesium; 0.0 to about 3.0 
(mmol/L) potassium; 0.0 to about 4.0% amino acids; 0.0 
to about 4.0% peptides; 0.0 to about 4.0% glycerol; 0.0 
to about 5.0% dextrose; and 0 0 to about 1Q.Q % dex- 
trose polymers. 

Since the lower chamber 46 contains the bicarbo- 
nate solution, at least the lower portion of the multi- 
chamber container 42 is made of a material permeable 
to carbon dioxide. Unlike the solution in the lower cham- 
ber 46, the solution in the upper chamber 44 does not 
have to be stabilized by carbon dioxide. Therefore, th 
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upper chamber 44 can be made of any material. How- 
ever, for ease of convenience, the upper chamber 44 
can be constructed from the same material as the lower 
chamber 46. Similar to the systems in Figs. 2 and 3, the 
device 40 and the multi-chamber container 42 is sur- 5 
rounded by an overpouch 49. 

Fig. 5 illustrates a cross-sectional view of a still fur- 
ther system. In the system, a device 60 made in accord- 
ance with the present invention is located directly within 
the container 62. The container 62 is designed to house i o 
a bicarbonate solution 64. 

Unlike the prior embodiments, the container 62 of 
Fig. 5 is made of a material that has low permeability to 
water and carbon dioxide. Thus, the bicarbonate solu- 
tion in the container 62 will activate the device 60. Car- is 
bon dioxide will be generated directly in the container 62 
stabilizing the bicarbonate solution contained therein. 

The devices of the present invention can be used 
for stabilizing the bicarbonate solution during manufac- 
turing and/or storage. The device of the present inven- 20 
tion can be used before, during, or after steam 
sterilization. Preferably, the bicarbonate solutions are 
sterilized by steam sterilization as the last step of a 
manufacturing process. Afterwards, the solutions are 
stored in warehouses or at a patient's home. The steam 25 
sterilization presents extreme conditions and solutions 
may be stabilized by a carbon dioxide over-pressure in 
the autoclave. The device can then be used for stabiliza- 
tion during storage alone. 

Moreover, it is also possible to do the reverse: use 30 
a device to create high carbon dioxide pressures during 
manufacturing, and then keep the product sealed under 
high carbon dioxide pressure (without the use of the 
device). Contrary to prior beliefs, the use of high car- 
bon-dioxide pressure does not present health problems. 35 

Pursuant to the present invention, high pressure 
carbon-dioxide may be used to stabilize bicarbonate 
solutions. High pressure encompasses pressures of at 
least 80 mm Hg and, if desired, more than 120 mm Hg. 
As stated above, the devices of the present invention 40 
can adequately provide such high pressures. However, 
the present invention is intended to also cover other 
means that generate carbon-dioxide at such pressures. 
For example, carbon dioxide can merely be fed in an 
overpouch and the overpouch that surrounds the con- 45 
tainer is then sealed. 

As stated above, the device of the present invention 
can be used for both APD and CAPD. The ready-to-use 
bicarbonate solution of the present invention can be 
used for the treatment of acute and chronic renal failure so 
and allows a better treatment of acidosis than currently 
available solutions. Further, the bicarbonate solution of 
the present invention provides metabolic benefits and 
improves cardiovascular status. 
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Claims 

1 . A container containing bicarbonate solution for stor- 



age prior to infusion to a patient, 

characterised by a device (10,20,30,40,60) 
for generating and maintaining a C0 2 pressure 
within the container, the device comprising an inte- 
rior (12) containing a solid material (13) which, 
upon contact with water, generates C0 2 gas, the 
device having means (1 1) permitting entry of water 
to the interior and exit of C0 2 gas from the interior 
for stabilising the bicarbonate solution in the con- 
tainer (24,42,62). 

2. The container and device of Claim 1, wherein the 
solid material includes a bicarbonate and an acid. 

3. The container and device of Claim 2, wherein the 
acid is citric acid, lactobionic acid, or succinic acid. 

4. The container and device of Claim 1, 2 or 3, 
wherein the device (60) is located within the con- 
tainer (62). 

5. The container and device of Claim 4, wherein the 
bicarbonate containing container (62) is made from 
a material of low gas permeability. 

6. The container and device of Claim 1 , 2 or 3 includ- 
ing an overpouch (22) enclosing the container (24), 
the container being constructed from a material 
having a high gas permeability, the overpouch 
being constructed from a material having a low gas 
permeability and the device (20) being located 
within an interior defined by the overpouch. 

7. The container and device of Claim 6 including at 
least one further said container (34) within the over- 
pouch. 

8. The container and device of any preceding claim 
wherein the container (33) is a multi-chambered 
container including: 

a first chamber (46) including the bicarbonate 
solution; and 

a second chamber (44) including a second 
solution. 

9. The container and device of any preceding claim 
wherein the device (10,20,40,60) maintains a par- 
tial carbon dioxide pressure in the container of at 
least 80 mm Hg (determined at 37°C). 

10. A device for use in a container/device combination 
according to Claim 1 , the device comprising an inte- 
rior containing a solid material (13) for generating 
C0 2 upon contact with water, the solid material 
comprising a bicarbonate and citric acid, lactobi- 
onic acid, or succinic acid, the device having means 
for water to enter the interior and means for C0 2 to 
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exit the interior. 

11. A method for stabilizing bicarbonate solutions, the 
m thod comprising the steps of: 

5 

inserting a bicarbonate solution into a con- 
tainer; and 

generating and maintaining a pressure (deter- 
mined at 37°C) of at least 80 mm Hg of C0 2 
within the container by means of a device 10 
according to Claim 10. 

12. The method of Claim 1 1 including the step of steam 
sterilizing the container and allowing water vapour 

to enter the interior of the device. is 

13. The method of Claim 1 1 or 12 including the step of 
mixing the bicarbonate solution with a second solu- 
tion to obtain a ready to use medical solution, the 
second solution containing at least one component 20 
chosen from dextrose, dextrose polymers, pep- 
tides, and amino acids, the second solution not hav- 
ing been stabilised by carbon dioxide. 

PatentansprGche 25 

1. Behaiter, der eine BicarbonatlOsung zur Lagerung 
vor der Infusion bei einem Patienten enthalt, 
gekennzeichnet durch 

eine Vorrichtung (10, 20, 30, 40. 60), urn einen 30 
C0 2 -Druck innerhalb des Behaiters zu erzeugen 
und aufrechtzuerhalten, wobei die Vorrichtung 
einen Innenraum (12) aufweist, der ein testes Mate- 
rial (13) enthalt das beim Kontakt mit Wasser C0 2 - 
Gas erzeugt, wobei die Vorrichtung eine Einrich- 35 
tung (11) aufweist, die den Eintritt von Wasser in 
den Innenraum und den Austrrtt von C0 2 -Gas aus 
dem Innenraum ermOglicht, urn die BicarbonatlO- 
sung in dem Behaiter (24, 42. 62) zu stabilisieren. 

40 

2. Behaiter und Vorrichtung nach Anspruch 1 . 
wobei das teste Material ein Bicarbonat und eine 
Saure aufweist. 

3. Behaiter und Vorrichtung nach Anspruch 2, 45 
wobei die Saure Zitronensaure, Lactobionsaure 
oder Butandisdure ist. 

4. Behaiter und Vorrichtung nach Anspruch 1, 2 Oder 

3 50 

wobei die Vorrichtung (60) innerhalb des Behaiters 
(62) angeordnet ist. 

5. Behaiter und Vorrichtung nach Anspruch 4, 

wobei der Bicarbonat enthaltende Behaiter (62) aus ss 
einem Material mit niedriger Gaspermeabilitat 
besteht 
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6. Behaiter und Vorrichtung nach Anspruch 1 , 2 oder 
3. 

mit einem AuBenmantel (22), der den Behaiter (24) 
umschlieBt. wobei der Behaiter aus einem Material 
mit einer hohen Gaspermeabilitat gebaut ist, der 
AuBenmantel aus einem Material mit einer niedri- 
gen Gaspermeabilitat gebaut ist und die Vorrich- 
tung (20) innerhalb eines von dem AuBenmantel 
gebildeten Innenraumes angeordnet ist. 

7. Behaiter und Vorrichtung nach Anspruch 6, 

mit mindestens einem weiteren Behaiter (34) inner- 
halb des AuBenmantels. 

8. Behaiter und Vorrichtung nach einem der vorherge- 
henden Anspruche, 

wobei der Behaiter (33) ein Behaiter mit einer Viel- 
zahl von Kammern ist, der folgendes aufweist: 

eine erste Kammer (46), welche die Bicarbo- 
natldsung enthalt; und 

- eine zweite Kammer (44) mit einer zweiten 
LOsung. 

9. Behaiter und Vorrichtung nach einem der vorherge- 
henden Anspruche, 

wobei die Vorrichtung (10, 20, 40, 60) einen Koh- 
lendioxid-Partialdruck in dem Behaiter von minde- 
stens 80 mm Hg (bestimmt bei 37 °C) 
aufrechterhait. 

10. Vorrichtung zur Verwendung bei einer Kombination 
von Behaiter und Vorrichtung nach Anspruch 1, 
wobei die Vorrichtung einen Innenraum aufweist, 
der ein testes Material (13) enthalt, urn beim Kon- 
takt mit Wasser C0 2 zu erzeugen, wobei das teste 
Material ein Bicarbonat und Zitronensaure, Lactobi- 
onsaure oder Butandisdure aufweist, und wobei die 
Vorrichtung eine Einrichtung, damit Wasser in den 
Innenraum eintritt, und eine Einrichtung aufweist, 
damit C0 2 aus dem Innenraum austritt. 

11. Verfahren zum Stabilisieren von BicarbonatlOsun- 
gen, wobei das Verfahren foigende Schrrtte auf- 
weist: 

Einbringen einer BicarbonatlOsung in einen 
Behaiter; und 

- Erzeugen und Aufrechterhalten eines Druckes 
(bestimmt bei 37 °C) von mindestens 80 mm 

H{j | von CQ 2 Innerhalb deo DchQttorc mit Hilf e 

einer Vorrichtung nach Anspruch 10. 

12. Verfahren nach Anspruch 11, 
das folgenden Schritt aufweist: 

der Behaiter wird mit Dampf sterilisiert, und es 
wird ermOglicht. daB Wasserdampf in den 
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Innenraum der Vorrichtung eintritt 

13. Verfahren nach Anspruch 11 Oder 12. 
das folgenden Schritt aufweist: 



Revendlcatlons is 

1. Recipient contenant une solution de bicarbonate, 
pour stockage avant perfusion k un patient carac- 
t6rise par un dispositrf (10, 20, 30, 40, 60), destine 

k produire et maintenir une pression de C0 2 k 20 
Pinterieur du redpient, le dispositrf comprenant un 
volume interieur (12) contenant un materiau solide 
(13) qui, apr&s contact avec Peau, produit du C0 2 
gazeux, le dispositrf ayant un moyen (11) permet- 
tant Pentr6e de Peau dans le volume interieur et la 25 
sortie du C0 2 gazeux k partir du volume interieur, 
pour stabiliser la solution de bicarbonate dans le 
recipient (24, 42, 62). 

2. Recipient et dispositrf selon la revendication 1 , ou le so 
materiau solide comprend un bicarbonate et un 
acide. 

3. Recipient et dispositrf selon la revendication 2, ou 
Pacide est I'acide citrique, Padde lactobionique ou 35 
Pacide succinique. 

4. Recipient et dispositrf selon la revendication 1 , 2 ou 
3, ou le dispositrf (60) est dispose k Pinterieur du 
recipient (62). <o 

5. Recipient et dispositrf selon la revendication 4, dans 
lequel le recipient (62) contenant le bicarbonate est 
fabrique en un materiau ayant une faiWe permeabi- 
lity aux gaz. 45 

6. Recipient et dispositrf seion la revendication 1 , 2 ou 
3, comprenant une enveloppe (22) qui enferme le 
recipient (24), le recipient etant construct en un 

material 1 ay ant une arande perm6abilrt6 aux gaz, 50 

Penveioppe etant construite en un materiau ayant 
une faible permeabilite aux gaz, et le dispositrf (20) 
6tant srtu6 dans un volume interieur d6fini par 
Penveioppe. 

55 

7. Recipient et disposruf selon la revendication 6, 
comprenant au moins un autre recipient (34) dudrt 
type k Pinterieur de Penveioppe. 



8. Recipient et dispositrf selon i'une quelconque des 
revendications precedentes, ou le recipient (33) est 
un recipient k plusieurs compartiments, compre- 
nant 

un premier compartiment (46) contenant la 
solution de bicarbonate ; et 
un deuxieme compartment (44) contenant une 
deuxieme solution. 

9. Recipient et dispositrf selon Pune quelconque des 
revendications precedentes, ou le dispositif (10, 20, 
40, 60) maintient dans le recipient une pression 
partielle de dioxyde de carbone d'au moins 80mm 
Hg(determineeA37°C). 

10. Dispositif pour utilisation dans une combinaison 
recipient/dispositrf selon la revendication 1, le dis- 
positif comprenant un volume interieur contenant 
un materiau solide (13) pour produire du C0 2 apres 
contact avec Peau, le materiau solide comprenant 
un bicarbonate et de Padde dtrique, de I'adde lac- 
tobionique ou de Padde succinique, le dispositif 
comportarrt un moyen pour permettre k Peau de 
penetrer dans le volume interieur et un moyen pour 
permettre au C0 2 de sortir du volume interieur. 

11. Proc6d6 pour stabiliser des solutions de bicarbo- 
nate, le procede comprenant les etapes consistant : 

k introduce une solution de bicarbonate dans 
un recipient ; et 

k produire et maintenir une pression (determi- 
ne k 37°C) d'au moins 80 mm Hg de C0 2 k 
Pinterieur du recipient, au moyen d'un dispositif 
selon la revendication 10. 

12. Procede selon la revendication 11, qui comprend 
retape consistant k steriliser le recipient k la vapeur 
et k permettre k de la vapeur d'eau de penetrer 
dans le volume interieur du dispositif. 

13. Procede selon la revendication 11 ou 12, compre- 
nant retape consistant k meianger la solution de 
bicarbonate k une deuxieme solution pour obtenir 
une solution medicale prfite k Pemploi. la deuxieme 
solution contenant au moins un composant choisi 
parmi Pensemble comprenant le dextrose, les poly- 
meres du dextrose, les peptides et les addes ami- 
nes, la deuxieme solution n'ayant pas 6t6 stabilises 

pay lg dloxydu de carboi ie . 



Mischen der BicarbonatlOsung mit einer zwei- 
ten LOsung, urn eine gebrauchsfertige medizi- 
nische LOsung zu erhaften, wobei die zweite 
LOsung mindestens eine Komponente enthait, 
die aus Dextrose, Dextrosepolymeren, Pepti- 10 
den und Aminosauren gewahlt ist, wobei die 
zweite LOsung nicht mit Kohlendioxid stabili- 
siert worden ist 
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